M aternal mortality surveillance in the United States, France, and the United Kingdom suggests that 40-50% of maternal deaths are potentially preventable. [1] [2] [3] [4] Delays in recognition, diagnosis, and treatment precede a majority of deaths from hemorrhage, hypertension, infection, and venous thrombosis. 1, 4 In obstetric patients, the early signs of life-threatening illness can be difficult to recognize because critical illness is relatively rare, normal pregnancy and childbirth can generate significant changes in maternal vital signs, 5 and healthy women have substantial physiologic reserve to compensate for pathologic derangements.
The National Partnership for Maternal Safety aims to reduce preventable maternal morbidity and mortality in the United States by identifying and addressing opportunities to improve maternal safety. 6, 7 In order to facilitate timely diagnosis and treatment for women developing critical illness, the Subcommittee on Vital Sign Triggers sought to ascertain tested examples of obstetric warning systems, define considerations for local implementation, and organize lists of differential diagnoses to facilitate timely and accurate diagnosis. Multidisciplinary subcommittee members represented eight different women's health care organizations, listed in Appendix 1 online at http://links.lww.com/AOG/ A550. This article presents the findings and conclusions of that subcommittee.
Monitoring forms the cornerstone of timely diagnosis and treatment. Monitoring, also known as clinical surveillance, is "the ongoing assessment of a patient with the intention of [both] detecting abnormality and triggering a response if an abnormality is detected." 8 Effective warning systems include clear expectations for observation, predefined criteria for an abnormality, and a protocol to trigger a response if an abnormality is detected. 9 As of 2010, The Joint Commission requires hospitals in the United States to "develop written criteria describing early warning signs of a change or deterioration in a patient's condition and when to seek further assistance," and to "have staff seek additional assistance when they have concerns about a patient's condition." 10 Several types of early-warning systems have been described. 11 Single parameter systems define abnormal thresholds for a list of physiologic parameters (eg, heart rate); bedside medical evaluation is indicated when any single parameter is measured as abnormal. In contrast, aggregate-weighted scoring systems are multiparameter assessment tools in which nurses assign a score based on the degree of physiologic derangement for each measured parameter; the total score for all measured parameters is used to determine the likelihood of deterioration and the need for bedside medical evaluation. Some 12 but not all 13, 14 evidence suggests that aggregate-weighted scoring systems are more sensitive to detect early deterioration because multiple minor derangements may develop before a single parameter deviates substantially from normal. In addition, the aggregate-weighted scoring systems require a full set of observations in order to calculate the score; individual measurements (particularly the respiratory rate) are more likely to be captured when parameters are collected as a bundle in order to calculate an aggregate-weighted score. Finally, the exercise of recording a full set of physiologic measurements and calculating an overall score may itself focus attention on the mother's well-being to a degree that nonintegrated periodic vital sign measurement cannot.
Early-warning systems have been recommended for nonobstetric patients for over 2 decades to ensure timely recognition of patients who are developing an acute illness. 12 The evaluation and triggering criteria that underlie these early-warning systems do not account for the physiologic changes of pregnancy, and do not perform well in obstetric populations. 5 More recently, early-warning systems specific for obstetric patients have been proposed.
The 2003-2005 Saving Mothers' Lives report recommended implementation of a Modified Early Obstetric Warning System and reproduced a chart that could be used by bedside nurses to both document and interpret vital signs. [15] [16] [17] The chart defines moderately and severely abnormal parameters and suggests bedside physician evaluation if the patient demonstrates one severely abnormal (red) or at least two moderately abnormal (yellow) parameters. Subsequently, the Modified Early Obstetric Warning System was added to the list of auditable maternal safety standards for the National Health System in the United Kingdom. 14 Several studies have evaluated the performance of the Modified Early Obstetric Warning System. Singh et al prospectively followed 676 obstetric patients for the Modified Early Obstetric Warning System, and found that 30% of patients met the criteria for evaluation. 16 Of these, 43% experienced some form of morbidity (eg, hemorrhage). The data demonstrated a sensitivity of 89% and a specificity of 79%. In this population with a 13% incidence of serious maternal morbidity, the tool yielded a positive predictive value of 39% and a negative predictive value of 98%.
In order to empirically derive an early-warning score to predict maternal death, Carle et al 18 analyzed physiologic data collected from obstetric patients receiving intensive care in the United Kingdom between 1995 and 2008. The authors identified the most extreme vital signs during the first 24 hours of intensive care for over 4,000 women admitted for a condition directly related to pregnancy, almost half of whom had suffered obstetric hemorrhage. In this high-risk sample, one out of every 60 women died. While the authors were able to propose a scoring system that was highly accurate when applied to a validation cohort of intensive care patients, they concluded that its complexity precluded routine use and that a simplified clinical score demonstrated comparable accuracy to existing scoring systems.
Several considerations suggest the benefits of a single-parameter risk assessment system that favors simplicity and specificity over complexity and sensitivity. First, maternal mortality reviews indicate that among women who died, a disproportionate number demonstrated frankly abnormal vital signs, suggesting that a single-parameter system should maximize specificity for patients who are developing critical illness. Second, current multiparameter early-warning scoring systems rely on nurses to document, calculate, and interpret the scores. Because few healthy parturients experience complications, midwifery and obstetrics staff in the United Kingdom have questioned the value of additional documentation and the workload required to implement the Modified Early Obstetric Warning System.
14 This led to discretionary use of the tool, limiting its significance and potential to detect worsening physical status. Third, excess false alarms contribute to desensitization, mistrust, and lack of caregiver response. Positive predictive value depends on the prevalence of the condition, so any surveillance tool for a rare complication will have a low positive predictive value, particularly if the specificity of the surveillance tool is low. Ethnographic analysis suggests that delays in diagnosis may reflect local culture in which nurses either do not believe the physiologic significance of a particular abnormal parameter, or face hierarchical barriers to requesting medical evaluation.
14 In this context, a standardized set of abnormal parameters and the normative expectation for escalation of care may have greater effects than a highly sensitive tool that detects all women who may benefit from bedside medical evaluation.
Given these considerations and the goal to implement an early warning system in antepartum, intrapartum, and postpartum settings throughout the United States, a single-parameter scoring system may be more practical than an aggregate-weighted scoring system. Through a process of iterative review and discussion to reach consensus, members of the Subcommittee on Vital Sign Triggers generated The Maternal Early Warning Criteria, a list of critical parameters listed in Table 1 .
The Maternal Early Warning Criteria were drawn from the Modified Early Obstetric Warning System Red Triggers. 16 Temperature was deleted from the criteria given the panel's impression that fever is common, accompanied by other vital sign abnormalities, and unlikely to be missed or dismissed in routine clinical care. Pain was deleted given the poor relationship between pain and severe morbidity. 16 Both indicators remain important elements of the bedside medical evaluation. Conversely, a measure of oliguria was added, given its importance as a sign of clinical progression for women with preeclampsia with severe features; quantitative monitoring for oliguria is only recommended for women with a clear clinical indication for urine volume measurement (eg, preeclampsia with severe features, major abdominal surgery in the immediate perioperative period, or suspected hemorrhage or sepsis). The cut-off point for bradycardia was increased from 40 beats per minute to 50 beats per minute. An increasing requirement for supplemental oxygen to maintain a normal oxygen saturation appears to be a more specific measure of respiratory deterioration than absolute oxygen saturation. 18 Finally, critical neurologic signs were expanded to include agitation, confusion, and unrelenting headache in the presence of hypertension. 19 The frequency of vital sign monitoring should be based on the woman's medical and obstetric condition, in accordance with existing clinical guidelines.
All women who meet any of The Maternal Early Warning Criteria should receive prompt bedside evaluation by a physician or other clinician with the ability to activate resources in order to initiate emergency diagnostic and therapeutic interventions as needed. Specific processes to request bedside evaluation should be established at a local level. Critical components of an effective communication policy should define: 1) who to notify, 2) how to notify them, and 3) when and how to activate the clinical chain of command in order to ensure an appropriate response. 16, 17, 20 Barriers to prompt notification, such as a fear of offending or disturbing more senior personnel, may need to be identified and addressed. 21 Supervisors, service leaders, and hospital administrators must ensure that nurses and other clinicians are rewarded rather than punished or ignored when they call for bedside evaluations, regardless of the clinical outcome. Likewise, strong organization leadership may be required to establish the normative expectation for prompt bedside evaluation.
The timeliness of response will depend on local resources and the severity of the patient's clinical condition. When the patient's responsible clinician is not immediately available, a bedside evaluation by a covering clinician is indicated. For women with rapid clinical deterioration, or when neither the primary clinician nor a covering clinician is available, it will be appropriate to activate an obstetric medical emergency team 22 or hospital rapid response team. In some circumstances (eg, home birth), transfer to a hospital will be necessary.
A single abnormal vital sign can reflect measurement artifact. It is important to verify isolated abnormal measurements, particularly for blood pressure, heart rate, respiratory rate, and oxygen .100 Heart rate (beats per min)
,50 or .120 Respiratory rate (breaths per min)
,10 or .30 Oxygen saturation on room air, at sea level, % ,95 Oliguria, mL/hr for $2 hours ,35 Maternal agitation, confusion, or unresponsiveness; Patient with preeclampsia reporting a non-remitting headache or shortness of breath BP, blood pressure. These triggers cannot address every possible clinical scenario that could be faced by an obstetric clinician and must not replace clinical judgment. As a core safety principle, bedside nurses should always feel comfortable to escalate their concerns at any point.
saturation. Urgent bedside evaluation is usually indicated if any of these values persist for more than one measurement, present in combination with additional abnormal parameters, or recur more than once. While awaiting the arrival of the evaluating clinician, the bedside nurse should follow basic resuscitation principles to ensure patient safety. For example, resources should be activated to achieve free-flowing and appropriate venous access. In the event of a decline in the woman's condition, it is always appropriate to increase the frequency of vital sign collection to establish any trends. If the patient is pregnant, left uterine displacement or the full left lateral decubitus position will help to optimize cardiac output. In women with hypoxemia, supplemental oxygen therapy may help to restore normal pulse oximetry measurements, but it is important to recognize that an increasing requirement for supplemental oxygen is itself worrisome, and that bedside medical evaluation is still indicated for the conditions that underlie hypoxemia. Appropriate standing orders are needed to allow the bedside nurse to administer these resuscitative measures.
To facilitate initial clinical evaluation, the committee developed a series of differential diagnoses for each of the physiologic derangements listed in The Maternal Early Warning Criteria. These lists are divided into common conditions, and rare but serious conditions, and are presented in Appendix 2 online at http://links.lww.com/AOG/A551. Occasionally, an abnormal criterion may reflect normal physiology for that patient, and the team should establish a plan for subsequent monitoring, notification, and review. 16 Recurrent abnormal Maternal Early Warning Criteria in a patient with normal baseline values, or an accumulation of more than one criterion, should prompt increases in the intensity and frequency of monitoring, as well as the frequency of clinical evaluation to carefully consider the appropriate differential until a diagnosis is confirmed, or until the criteria resolve. 20 The recommendations and specific triggers in this document are based on limited clinical and scientific evidence. Specific cut-off points may evolve as future evidence develops. The optimal balance between sensitivity and specificity may vary between clinical environments and patient populations, The singleparameter scoring system was selected to facilitate widespread implementation; however, no study has demonstrated that such a system improves outcomes for obstetric patients. In the nonobstetric setting, aggregate-weighted scoring systems are supported by randomized controlled trials, but such evidence does not exist for single-parameter systems. 12 Any surveillance system depends on reliable nursing documentation; the potential exists for overnight documentation quality to decrease if nurses prioritize patient comfort and sleep. 13 Local implementation considerations include the protocol to request a clinical evaluation, the expectations for response, and the procedure to escalate the concern to ensure an appropriate response. Each of these factors will affect the effectiveness of any early-warning system.
An effective early-warning system should facilitate timely diagnosis and treatment, and thereby limit the severity of any morbidity. Randomized controlled trials are needed to evaluate whether The Maternal Early Warning Criteria help teams to achieve these objectives. Barriers that interfere with workflow can influence the timeliness of documentation and communication of a patient's condition and should be studied. Human factors, ethnographic, and workflow studies will provide additional data to guide and evaluate the effectiveness of implementation, and to understand the complexities of implementation in different health care environments. Ideally in the future, smart monitors will collect vital signs at scheduled intervals without disturbing sleeping patients, process physiologic trends over time, and alert clinicians to decompensating patients with a high degree of accuracy. For now, The Maternal Early Warning Criteria may serve as a practical tool to facilitate timely recognition and response for women developing serious acute illness, and may also provide a framework for consistent data acquisition for epidemiologic health systems research and quality improvement in the obstetric environment.
